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INTRODUCTION 
In the development of an organism two processes occur: differentia­
tion, and growth. This thesis deals vfith the morphological and cytological 
aspects prior to and included in the differentiation of an insect egg, as 
well as a preliminary investigation of the histochemical aspects of such 
differentiation. 
Differentiation is one of the fascinating areas of research in de­
velopmental biology today. In differentiation cells with the same chromo­
somal complement become morphologically and functionally different. The 
mechanism by which these cells become different from one another and the 
triggering effect for these changes are enormously important to develop­
mental biology as well as other areas of biology. Although problems 
concerned with differentiation are being investigated in many laboratories 
all over the world using different developing organisms, relatively little 
work has been done on insects, the dominant group of animals on the earth. 
Insects are not only abundant but feature some unusual embryological 
phenomena. The centrolecithal insect egg with its yolk distributed uni­
formly throughout the central region of the egg, and superficial cleavage, 
a concomitant of the centrolecithal egg, provides a unique source of in­
formation for the developmental biologist. 
An important aspect of differentiation involves nucleocytoplasmic 
interactions. It is well known that the nucleus, repository of genetic 
material, directs many of the activities of the cell and in development 
will supply information needed for the organizational pattern exhibited by 
the developing embryo. It might seem that the mode of embryogenesis lies 
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solely as coded information within the nucleus. As Von Borstel (1957) has 
suggested the simplest model would be a system in which yolk would serve 
as a nutrient, the cytoplasm as a transporting medium, and the nucleus 
would supply the information. In insects very good evidence exists to show 
that in fact this is a two way process in which the cytoplasm feeds informa­
tion to the nucleus, as well as one in which the nucleus directs the activi­
ties of the cytoplasm. For example, the posterior pole plasm of the insect 
egg influences the fate of the nuclei which enter this region. As Huettner 
(1923) pointed out, if one daughter nucleus enters the posterior pole plasm 
and the other remains in the general ooplasm, the latter becomes somatic 
and the former becomes germinal. Thus, insects provide excellent material 
for the study of nucleocytoplasmic interactions. 
Seidel (1934)and his followers have experimentally demonstrated within 
insect eggs certain control centers. When ligatures were applied at cer­
tain times in development, cleavage nuclei could be prevented from reaching 
their normal destinations. Such experiments showed that, in certain re­
gions of the egg, there were control centers which governed specific mor-
phogenetic processes. Refinements of Seidel's work have shown that there 
are four such centers in insect eggs. Although these centers have not yet 
been demonstrated in many insects, it is the peculiar nature of the syn­
cytial insect egg during early development that makes such studies possible. 
In addition insect eggs offer to the embryologist a complete spectrum 
of determinate-indeterminate development. Insect eggs range from those 
with great regulative powers, such as the damselfly, Platycmemus, to those 
with very restricted mosaic or determinate development, such as Drosophila. 
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Determinate development is characterized by an early establishment of 
fate and a restriction in the potential of the cells. Developmentally most 
dipterans are considered to be determinate. If this determinate develop­
ment is established through predetermined chemodifferentiation then his-
tochemical studies might reveal patterns of development that would comple­
ment morphological and cytological changes of the egg. If the prepattern-
ing for development has been set even before oviposit ion then the cyto-
chemical patterns may be imposed during oogenesis. Thus, histochemical 
studies on oogenesis of insects and insect development are pertinent to 
development in general. 
Despite the many unique advantages insect development offers for the 
embryologist relatively few insects have been studied developmentally, and 
these few have usually been restricted to insects whose eggs have trans­
parent envelopes making observations toto possibleo The reason insects 
have long been ignored in developmental studies can be attributed to several 
factors: the large amount of yolk; their relatively small size; and, most 
particularly, the impermeable nature of their membranes. These factors are 
obstacles for any type of histological or cytological work since they make 
this type of egg very difficult to embed and section for microscopic study-
However, in recent times methacrylate has become available; this and other 
new embedding media have minimized the difficulties» 
Mosquitoes were selected for this study because they can be colonized. 
The techniques for such colonization have become almost as standard as those 
for rearing Drosophila. The genetics of mosquitoes is being well worked out 
today in some species of mosquitoes and perhaps will soon be as encompassing 
as that of Drosophila. In addition, cell lines of mosquitoes have recently 
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been established making tissue culture studies possible. These genetic 
and tissue culture studies will enhance the value of developmental studies. 
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I'hi.:; review iiicJ ucle:j reii.rericc :: to tlescr LpLive .ind exj)(.'.rimen Lai i iisect 
embryology, a:: well as oocyte development and histochemica 1 studies ol! such 
development. 
Descriptive Studies of Insect Development 
Descriptive studies oE insect embryology date back to the early 19th 
century. This period includes the works of Herold (1815) on Lepidoptera, 
and Humel (1835) on the roach. Kolliker (1843) published a comparative 
study on insect and vertebrate developmento Near the end of the century, 
embryologists, Korshelt and Heider (1899), collaborated on a four volume 
treatise of comparative embryology» Volume III was devoted to the in­
vertebrates and included a large section on insect embryology. All studies 
d(;ne up to that date were compiled and opposing viewpoints on coiitrovi:rsia 1 
i ;:;ij<;r; were inc Luded. 'I'he section on insects has an extensive b i.bl ioc,raphy . 
These volumes ;ire considered classics today and are still a st.'itulard reler-
ence source for invertebrate embryologists. 
More recently Johannsen and Butt (1941) wrote a book on insect and 
myriapod embryology. It includes a general discussion of insect embryology 
and groups the inscictrs into their orders, g ivin;;, for each order a descrip­
tive and detailed developmental history cjf one or two insects. Sciar.i and 
Ca 11 iptiora are the insect types chosen to represent the Diptera. In addi­
tion the text includes a chapter on ex]>erimentiil embryology, at that time 
a relatively new science. 
Certain very intensive and comprehensive studies of single insect 
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species have contributed to insect embryology. Examples are "The Biology 
of Drosophila" edited by Demerec (1950) and the excellent monograph on 
Aedes aegypti by Christophers (1960), 
A literature review of descriptive insect embryology should include 
studies of the pole cells. Because of their early segregation and their 
distinctive appearance, the primordial germ cells of insects have a long 
history of study, Weismaim (1863) was the first to discover these cells 
although he was unaware of their significance. Much later Weismann (1882) 
traced these cells to the primordial gonads of Chironomus. 
Other early workers, using transparent insect eggs in which embryologi-
cal development could be easily observed, followed the fate of these dis­
tinctive cells. For a historical account of these early studies, as well 
as some very interesting and astute observations, the excellent monograph 
of Hegner (1914) should be consulted. Approximately ten years later Dro­
sophila was being studied extensively by geneticists. The interest of these 
geneticists led Huettner (1923) to do an embryological study on the germ 
cells of Drosophila. For this study sectioned material was used. Observa­
tions on the fate of nuclei reaching the ooplasm of the posterior pole led 
Huettner (192 3) to hypothesize that this part of the ooplasm was differ­
entiated and any nucleus entering was destined to become a germ cell. 
Descriptive studies of the pole cells are among current scientific 
papers. Counce (1963) looked at the development of polar granules in 
Drosophila and Mahowald (1962) did a fine-structure study of the pole cells 
and polar granules. 
In spite of the importance of the culicids few descriptive papers are 
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available on their development» Of those studies available, two general 
types can be found» The first are descriptive studies of gross morphology 
from embryos fixed and examined toto, or of living embryos examined 
either after clearing or removal of the chorion. Such studies include 
papers by Rosay (1959) on Culex tarsal is, DeCoursey and Webster (1953) on 
Aedes sollicitans, and Telford (1957) on pasture Aedes. 
The second type of descriptive study includes cytological detail for 
which sectioned material is needed. Cytological studies are restricted to 
papers by Gander (1951) on Aedes aegypti, Ivanova-Kazas (1949) on Anopheles 
maculipennis, Christophers (1960) on Culex tarsalis, Idris (1960) and 
Oelhafen (1961) on Culex pipiens, and an unpublished thesis by Larsen (1952) 
on Culiseta inornata. Of these papers only the papers of Idris and Oelhafen 
include information on the very early cytological aspects. The thesis by 
Larsen, on the same species of mosquito used in this study, has relatively 
little information on early development. His study does not include 
maturation, sperm detection, nor pole cell formation. The paper by Idris 
is one of the most complete and informative available on culicid embryology. 
Experimental Studies of Insect Development 
Since the work of Seidel (1929), in addition to the papers on descrip­
tive embryology, a number of experimental studies have been done. Seidel's 
work established the importance of control centers in the developing insect. 
Haget (1953) has critically reviewed some of the earlier studies done on 
control centers. Experimental studies by Idris (1960) have demonstrated 
control centers in Culex pipiens. This paper, in German, is summarized in 
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Clements (1963). 
In addition to the studies involving control centers other areas o£ 
insect embryology have been explored experimentally. Such studies have ' 
been the subject of some excellent reviews. 
One such review is that of Krause and Sander (1962). These workers 
have hypothesized that developing insects have reaction systems on which 
the control centers operate. Their analysis of insect embryogenesis in­
cluded examples of reaction systems. Counce (1961) has written a very 
similar review. Counce included in her review references to work on 
meiosis, fertilization and sperm entry. 
Although not a comprehensive review on the subject. Von Borstel (1957) 
has written a very informative paper on nucleocytoplasmic interactions in 
insect development. The data have been derived primarily from studies on 
Habrobracon. 
Anderson (1966), in a recent review on the comparative embryology of 
dipterans, has stressed determinate as opposed to indeterminate development. 
Anderson (1962) has himself been very active in this area, studying the 
Queensland fruit fly. Daeus tryoni. His analysis of experimental papers on 
dipteran development questioned the accepted idea of a mosaic dipteran egg. 
This review also included papers on developmental relationships between 
larval-adult organization; and a very extensive and helpful bibliography. 
Morphological, Cytological and Developmental Aspects of 
Oocyte Development 
An excellent text has been written by Raven (1961) on the significance 
in developmental biology of oogenesis. This text includes a number of 
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references to insects and relates this group to other animal groups through 
its pattern of oocyte development. 
For a relatively recent review of ovarian structure, including oocyte 
morphology in insects, the reader is referred to Bonhag (1958)= The liter­
ature concerned with the morphological aspects of oocyte development in in­
sects is voluminous and the present review is limited to selected papers 
dealing with oogenesis of the mosquito. 
An early worker in the area of oocyte development in mosquitoes was 
Christophers (1911). From an examination of fresh material Christophers 
classified the stages of oocyte development. Nicholson (1921) making ex­
aminations from ovarian sections of Anopheles, gave a detailed description 
of the oocyte nucleus during stages of development, formation of the micro-
pylar apparatus, and formation of the chorion. In 1924 Nath did a similar 
study of Culex fatigans. He described the oocyte nucleus, the nuclei of 
the nurse cells and the formation of egg coverings. The papers by Nichol­
son and Nath are classical studies and very informative. 
Bauer (1933) studied the oocyte nucleus of Aedes aegypti and Moll ring 
(1956) briefly described the structure of the nurse cells and the develop­
ment of the oocyte nucleus. Parks and Larsen (1965) working with Aedes 
aegypti did a morphological study on follicular development and described 
the oocyte nucleus. The classical stages of oocyte development proposed 
by Christophers (1911) were modified and further refined by Macan (1950) 
as discussed in Clements (1963). An excellent recent study, which described 
ovarian structure at the light and EM level, was that of Roth and Porter 
(1964). 
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For a general and comprehensive coverage of oocyte development in the 
mosquito the reader is referred to Bertram (1959), Christophers (1960) and 
Clements (1963). 
Histochemical Aspects of Oocyte Development 
In reviewing the literature regarding the histochemical aspects of 
oocyte development the only references to mosquitoes that the author found 
were a note by Sharma (1966) and a paper by Nath (1958). Sharma compared 
RNA activity and protein synthesis in the nucleolus of oocytes and nurse 
cells of egg follicles in Musca domestica, Drosophila melanogaster, and 
It 
Culex fatigans. Nath (1958) studied lipids histochemically during oogenesis 
in Gulex fatigans. However, although the histochemical work of oocyte de­
velopment in the mosquitoes is apparently very limited, studies dealing with 
H 
histochemical aspects of oocyte development in insects generally, are legion. 
Bonhag has been very active in this area of research. In 1955 Bonhag 
published results of a cytological study of the ovarian nurse tissue and 
oocytes of the milkweed bug, Oncopeltus fasciatus, and included histochemi­
cal localizations of nucleic acids and carbohydrates. Later working on 
oocytes of the earwig, Anisolabis maritima Bonhag (1956) described the origin 
and distribution of PAS positive substances. In a subsequent study, Bonhag 
(1959) examined nucleic acids and PiiS reactive substances during oogenesis 
in the American cockroach, Periplaneta. For a review of some of this work, 
as well as descriptions of other histochemical studies, the reader should 
see Bonhag (1958). 
Working with Drosophila King (1960) localized and discussed the dis-
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tribution of polysaccharides, lipids, proteins and nucleic acids in develop­
ing oocytes of Drosophila melanogaster. A later study by King and Koch 
(1963) emphasized the cytochemical properties of the vitelline and basement 
membranes, as well as the cytochemistry of the chorion and other egg en­
velopes . 
Morgenthaler (1952) and Bier (1954) have been concerned with the histo-
ft 
chemistry of developing oocytes in the bee. Bier (1963) also did histo-
chemical studies on RNA in the nurse cells of Musca. Colombo (1957) did 
a histochemical study of oocytes in Bombyx mori, the silkworm moth. 
A recent paper by Anderson (1965) presents observations from a pre­
liminary investigation of oogenesis in the Queensland fruit fly, D. tryoni•» 
Histochemical staining for DNA, RNA, PAS positive material, proteins and 
fats are reported. This paper follows earlier papers by Anderson (1962, 
1963, 1964) concerned with the embryonic development of D. tryoni. 
Other insects in which oogenesis has been histochemically studied are 
Panorpa, the scorpion fly, (Ramamurty, 1963); Cynips, the gall wasp, 
(Krainska, 1961); and Cimex, the bedbug, (Dasgupta and Ray, 1954). The 
components of the yolk in Schistocerca have been histochemically character­
ized by Lusis (1963). 
The papers cited here are only representative of the large body of 
work done in this area. The findings from some of these papers will be 
discussed in a different section of this thesis. 
For reviews of histochemical studies on the oogenesis of insects refer­
ence is made to Bonhag's review (1958), the review article by Telfer (1965) 
and the brief discussion by Wigglesworth (1965). 
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METHODS AND MATERIALS 
Eggs of Culiseta inornata were obtained from Dr. William Owen, Zoology 
and Physiology Department, University of Wyonùing, Laramie, Wyoming. The 
rearing and maintenance of the mosquitoes were similar to that of Dr. Owen 
(personal communication) and of McClintock (1963). This species of mos­
quito has several attractive features with regard to embryonic studies. 
The eggs are relatively large, develop slowly, and are almost always viable» 
Care of Adults 
Adults in a screened cage 20" x 20" x 16" were kept in a B.O.D. box 
at a temperature of 20°C. ^  1°C., and 7 0-80% relative humidity. Apple 
slices and cotton pledgets soaked in 10% sucrose, along with drinking water, 
were provided the adults. A 15 watt light bulb connected to an automatic 
timer gave twelve hours of light per day. 
Care of Larvae and Development 
Larvae were kept in the same B.O.D. box as the adults and were reared 
at the same temperature. In the standard B.O.D. box, there was space for 
two larval trays 10" x 16" x 2" as well as the adult rearing cage. The egg 
rafts, on being harvested, were put into plastic bowls 5" in diameter and 
2.5" deep. Two rafts could be put into such bowls containing approximately 
50 mg of Difco brain heart infusion, 25 mg of Fleischman's yeast and 250 
mg of finely ground dog food in 600 ml of Bates medium S» Bates medium S 
consists of 0.5 gm CaS04*2 0.5 gm NaCl and 1 gm MgSO^/ZHgO in a liter 
of distilled water. At 19-21°C. the eggs hatched in four days. ^he larvae 
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were not transferred to the enamel trays until after their first moult, 
usually 2-3 days after hatching. The larval trays, which had been made up 
on the same day as the eggs were laid, contained 2.5 liters of Bates medium 
S to which had been added approximately 30 mg of Fleischmann*s yeast and 
240 mg of finely ground dog food. In the first trays a light sprinkling 
of infusoria powder (General Biological Supply House) was also added. 
After the first trays had been established subsequent larval trays could 
be inoculated with pellicle from trays of the previous generation. In this 
way the larvae were supplied with microorganisms. During the first three 
1.1 IS t;i L it is essential that scum is removed from the surface of the water. 
In the early larval stages air was bubbled into the trays and with the older 
larvae the pellicle was removed from the tray by skimming the surface of 
the water with a paper towel. Approximately 2 50 mg of dog food was 
sprinkled into the larval trays on alternate days. 
Obtaining Eggs 
A shaved guinea pig secured within a chicken wire cage was put into 
the adult cage shortly before the beginning of the light period. If the 
cage held 400 or more mosquitoes then usually within 30 minutes 20 blood 
fed females could be obtained. These females were aspirated into pint cartons 
containing a food source. The lid of the carton had been replaced with mar­
quisette. A hole punched in the side oL' the carton was covered with two 
one inch squares of dental rubber. In the center of the dental rubber 
was a slit. The rubber squares were taped in place with the slits at 
right angles so that it was possible to remove egg rafts or mosquitoes 
I 'I 
wiLliout rtimoviiifj the ii<l. At ter «li-.termLiiiag that eggs were usually laid 
on the eighth day after a blood meal, mosquitoes were deprived of water 
until the seventh night or eighth morning after the blood meal. At this 
time water, sufficient to cover the bottom of the carton, was added. If 
the carton contained 20 blood fed females then, usually, within the first 
hour after the lights were oft eggs could be obtained. By checking every 
L'j minutes it was possible to observe oviposiLion. Mosquitoes which were 
exam Lned lor oofryte «lève-. I opim.iit were also isol a Led into similarly pre-
pa red ca[Lonx v 
Histological Preparation of Eggs and Oocytes 
As reported in the literature mosquito eggs are particularly diffi­
cult to prepare for histological examination (Rosay, 1959 and Christophers, 
}.9t0). There are several reasons for this: 'I'he small, sixe of I.he eg; % ; its 
yolky nature; and, in particular, the imperme.ible nature, of its membranes, 
<-.f;]j<icia 1 I y thi; vite! I Lne iiic.iiibra ne. The author* has nt)te<l that il thi.s 
membrane is intact eggs can develop in 2% osmic a c id w Two fixatives were 
used: Vapors from 2% osmic acid; and hot AFA (I part acetic acid: 2 parts 
Lormalin: 17 parts 70% eth.'uiol). With either of these fixatives it w.is 
necessary to puncturi; the vitelline membrfine. in order to minimize the 
effect ot punc tu r in;',, eggs were pre-f ixed„ In the case ol osmic acid 
f ixation the eg;;, s, attachtul to a ccjver slip with double coated Scotch 
tape, were p 1 aced in 2% osmic acid buffered with veronal acetate at pll 
7.4 for five minutes. They were then removed .and punctured with a fine 
glas r; needle. After punctur inp,, the cover s I ip with eggs attached was 
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inverted over 2% osmic acid for fifteen minutes. The eggs were then 
carried through two five minute rinses in veronal acetate buffer before 
dehydrating in the alcohols. Eggs fixed in hot AFA were punctured im­
mediately after a short immersion in hot (60-70°C.) fixative and then 
replaced in the fixative for 10-24 hours. Although the osmic acid fixa­
tive was apparently the least disruptive to the eggs it was found that 
this fixative precluded almost all histological staining. Accordingly, 
the majority of the eggs and all ovarian tissue were fixed in hot AFA. 
In the preparation of ovarian tissue the head and thorax were removed 
and the entire female abdomen histologically prepared-. 
Attempts to use paraffin as described by Larsen (1952) were unsuc­
cessful and double embedding as described by Christophers (1960) was 
unsatisfactory. It was decided, therefore, to use an acrylic resin. The 
advantages of such embedding media are that they: (1) are transparent; 
(2) are colorless; (3) will not shrink the specimen as much as paraffin; 
(4) are close textured; (5) can be sectioned at any relative thickness 
up to 6yu; (6) can be examined without removal of embedding media; and 
(7) can be stained with almost any ordinary histological dye, frequently 
without removal of the embedding media. The two most frustrating disad­
vantages of such embedding media are that they: (1) require a glass 
knife for cutting or, if using a conventional microtome an exceptionally 
sharp blade; and (2) polymerization damage. Pease (1964) describes 
several methods to reduce polymerization damage including the use of pre-
polymerized methacrylate, the use of a cross-linking agent such as 
divinyl benzene 55, or the use of ultra-violet radiation rather than heat. 
I <> 
All of these techniques, singly and in combination, were tried. It was 
finally determined that, by using a minimal amount of catalyst, and by 
making certain that the specimen was thoroughly infiltrated and completely 
dfj. h yd rated J pel yttier i/.at ion damage could be considerably reduced. AfLcr 
thorough dehydration of or ovarian tissue specimens were j) I .iced in 
a 1:1 absolute ethanol-methacry Late bath. The irutbacrylate which 
best sectioning consisted of 9 parts butyl to one part ethyl inethacry 1 .itc. 
All traces of moisture were removed from the methacrylate before each 
use by filtering it through anhydrous sodium sulfate. After the first 
alcohol-methacrylate bath, infiltration was extended through three baths, 
allowing 1-2 days in each bath. To the last bath 0.8% benzoyl peroxide 
was added. This catalyst must be thoroughly dissolved by treating with 
low heat and stirring. After the third methacrylate bath **2 gelatin cap­
sule:; were loaded with L res hi y preparctti 9 butyl: I ethyl methacry la ti-, 
corit'i i.n ing 0.8% betixoyl pi-.toxLde. 
Polymérisation with hcf.it recjuir<.;d two day:; in .in i:inbeild in(.'. ovni ,i l. 
and IJV jjolymer i xatioii rcju ir< :d Lhree d.iy^: with a UV.SI,-25 ulLraviolcîl 
l.imp placed one inch L roin capsules .ind c-inittinc, ne;ir-UV- (J.ipsu Ic.s were 
then trimmed and mourited with epoxy glue onto l.ucite blocks. In order 
to make ribbon sections molten Tacki-wax was .ipplied to the lace of tin-
trimmed c.ip:;uJ.e:s and the c.ipsules were retriimiied so that Lhe I .ici; toiu'h-
in,", the kriil e f irst had .i fi.irrow udginf, of Tacki-wax. In this w.iy as 
many ar; twenty :;c;c; tiori:; could be ribboned. Ail sections ol." ovarian L issue 
or e;',!^:i were cut at y M and, becau:.e it was desirable to ilo histocheniic.il 
localisations, egg section:; were cut longitudinally. Set Lions, I Joated i.n 
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distilled water on slides and heated on a hot plate at 60°C. until the 
water evaporated, adhered to the slides for routine staining. The sections 
could theri be examined using phase contrast optics or by pipetting stain 
on sections and using bright field illumination. 
General Staining 
A quick and simple staining technique which gave good results involved 
using 1% methylene blue made up in 1% sodium borate and 1% Azure II. 
Azure II and methylene blue were pipetted onto sections and then heated 
on a hot plate at 200°F. for 15-20 seconds. Excess stain was removed by 
rinsing with distilled water. To increase the resolution after the slide 
had dried, glycerine and a cover slip can be added or, if a more permanent 
slide is desired, the methacrylate can be removed with xylene and the 
sections mounted in permount. However, it s&ould be noted that permanent 
mounting frequently results in folding of the tissues. 
Cytochemical Techniques and Rationale 
Many of the procedures described herein are similar to techniques 
used by King (1960) in his study on oogenesis in Drosophila. In the 
present histochemical studies the following stains were used: fast green 
FCF, azure B bromide, orange G, oil red O, Nile blue sulfate, basic 
fuchsin, azure A, naphthol yellow S and mercuric bromphenol blue. The 
cytochemical staining was limited to the early and late stages of oocyte 
development, and the first hour of development in the egg. All cytochemi­
cal staining was done on AFA fixed eggs or ovarian tissue. Determinations 
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of pH were obtained with a Corning model 12 pH meter. To adjust to the 
proper pH 0.1 N HCl or 0.1 N NaQH were used. Control slides of AFA fixed 
sections of frog testis, rat liver, and frog intestine were prepared. 
These tissues were treated in the same manner as the ovarian tissue and 
eggs, and were used as controls for the staining reactions. 
Proteins 
In staining for proteins mercuric bromphenol blue, orange G at pH 
1.6, and 0.1% fast green FCF at pH 1.2 were used» At low pH values all 
protein groups capable of ionization are positively charged and would con­
sequently bind the dye. Other non-proteinaceous groups could also bind 
these dyes^ for example, lipids containing amines and glycolipids con­
taining amino-sugars. Mercuric bromphenol blue was prepared as 1% HgClg 
and 0.05% bromphenol blue in 2% aqueous acetic acid. After staining with 
this dye sections were flooded with 0.1 M NaHPO^ at pH 6.5 for the bluing 
effect. Cationic groups such as positively charged amino, imidazole, and 
quanidine groups bind the dye under these conditions and other groups such 
as the sulfhydryls may bind the dye by coupling through mercury (Mazia, 
Brewer, and Alfert, 1953). With orange G, fast green FCF, and mercuric 
bromphenol blue the stains can be pipetted directly onto a slide with 
sections, heated 1-2 minutes at 200°F. on a hot plate, cooled, rinsed 
with distilled water, and then covered with glycerine and coverslip, or 
mounted permanently after removal of the methacrylate. 
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Nut-1 <.î Le Acids 
The nieLhud used l or Liiiu I tarieouH s Laitiiiij', oi UNA aiul DNA was de­
veloped by Flax and Ilimey (1952). Av.ure B bromide at pH 4 was preparcM-i 
by adding 40 mg of ax.ure B bromide and 1 gm potassium acid p ht ha late to 
100 ml distilled water. Although this stain can be applied directly to 
methacrylate sections, better staining results were obtained by staining 
after removal of the methacrylate. Such sections were stained for 4 
hour:-: at room temperature, differentiated overnight in tertiary butyl 
alcohol, cleared in xylene and mounted in permount. Azure B bromide is 
a basic dye which stains RNA metacaromatically (purple) and DNA ortho-
chromatically (greenish-blue). This difference in the activity of the 
chromotrope may result from differences in the phosphate grouping of the 
two nucleic acids. 
Lipids 
i'or coloring LLpids the lysochrome, oil ted O, was usiLiI at L% in 
bU7o triethyl phosphate. Methacrylate was removed in chloroform heated to 
56°C- Slides were immersed Ln 60% triethyl phosphate and stained for 5 
minutes at room temperature; and at 60°C» After rinsing in bO% triethyl 
phosphate excess stain was rinsed off in distil, led water and sections 
tnouiiLed in glycerine. Oil red O colors liquid and semi-liquid lipids red 
by virtue of its solubility in these, substances. The unsiiturated lipids 
;-;uc)i as triolein, and its Latty acid constituent (oleic acid), and lecithin 
are J iquicl at room temperature; however, tristearin, tripahiiitin and 
paraJ 1 in are solid at room temperature and will be colored red only cii 
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raised temperatures. Aqueous solutions of Nile blue sulfate contain 
oxazones which are red in color and are capable of coloring nonacidic 
tissue lipids which are liquid or setniliquid at the temperature of the 
reaction, in much the same way as oil red O. In addition to oxazones, 
aqueous solutions of Nile blue sulfate contain cations of the oxazine 
which are blue and imino-bases, the salts of which are blue. The cation 
and iminobase of aqueous solutions of Nile blue sulfate stains baso­
philic tissue components in much the same fashion as other basic dyes. 
Among the basophilic tissue components stained in this fashion are the 
acidic lipids such as free fatty acids, phospholipids and some lipogenic 
pigments. If these acidic lipids are liquid at the temperature at which 
the staining occurs it is probable that the red oxazone will be soluble 
in these lipids but the blue color of the cation and imino-base will mask 
the red color of the oxazone. 
A Triple Stain Reaction for Polysaccharides, Protein, and DNA 
The reagents for this staining procedure were prepared as described 
by Humason (1962). The triple stain required removal of the methacrylate. 
Slides were run through xylene, hydrated in alcohols down to water, hy-
drolyzed 12 minutes in 1 N HCl at 60°C, rinsed and stained in azure A for 
10 minutes. Slides were then bleached in 10% potassium-metabisulfite 
(two washes of 2 minutes each) rinsed in water and then placed in 1% 
periodic acid. Slides were again rinsed and placed in Schiff reagent for 
5 minutes. This was followed by two washes of 2 minutes in fresh 10% 
potassium-mctabisulEite. Slides were then carried to the naphthol yellow S 
21 
stain for 2 minutes, dehydrated in two changes of tertiary butyl alcohol, 
cleared in xylene and mounted. This staining method employs two Schiff 
aldehyde reactions: (1) the blue azure A and (2) the more familiar 
colored leuco-fuchsin. The hydrolysis in 1 N HCl splits purine-deoxyribose 
bonds, and removes the purine bases to expose the terminal aldehyde group 
of the deoxyribose. This aldehyde group then reacts with azure A-Schiff 
reagent. The sections are subsequently treated by the PAS technique for 
the demonstration of other aldehyde-yielding substances. The naphthol 
yellow S stains proteins at acid pH. By means of this triple stain it is 
possible to concurrently demonstrate in contrasting colors DNA, poly­
saccharides and proteins in the same tissue sections. Nuclei are stained 
blue to green, proteins are stained yellow and polysaccharides are stained 
red. 
In addition to observations made in this study on histologically 
prepared materials some of the gross morphology was studied using a 
modified technique of Rosay (1959). For these gross observations living 
eggs in paraffin oil were examined at 10 x with phase contrast optics. 
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OBSERVATIONS AND DISCUSSION 
Eggs 
General morphology 
All figures referred to can be found at the end of this chapter. 
Eggs of Culiseta inornata are normally oviposited during the night 
cycle. By isolating 20 blood fed females and not giving them access to 
water until the seventh day after a blood meal it is possible to obtain 
eggs within an hour after the dark cycle begins. In this manner it is 
relatively easy to observe oviposition and to get very early stages of de­
velopment. Uninterrupted oviposition requires about 2 0 minutes so that 
within a single egg raft an age differential of 20 minutes exists between 
the first and last egg oviposited. The eggs, from 150-200, float in rafts 
on the water with the posterior poles uppermost. If the eggs are turned 
on their side they will right themselves. 
The eggs when first laid, are 7 3 0  a i  long, 80 ai across at the anterior 
pole tapering down to a more pointed and slightly hooked posterior pole. 
In addition to being blunter, the anterior end is also distinguished from 
the posterior pole by a micropylar apparatus. For details of this struc­
ture, see the work of McClintock (1961). The elongated egg has a bilateral 
symmetry. What has conventionally been called the ventral side is dis­
tinguished from the dorsum by its convexity; however, Rosay (1959), in 
her paper on the gross embryology of several Culicidae, points out that 
due to blastokinesis, the more convex side is the dorsum. Using Rosay's 
technique, but substituting paraffin oil for peanut oil, in examining the 
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gross embryology of C. inornata it was clear that blastokinesis does occur 
in C^. inornata. However, for the sake of clarity and convention the con­
vex side will be termed the ventral side. The general morphology of C. 
inornata eggs is described in Figure 1. 
Eggs of C. inornata like the eggs of C. pipiens (Idris, 1960, and 
Christophers, 1945) and Anopheles (Ivanova-Kazas, 1949) have a chorion 
made up of two parts: a.n outer chorion and an inner endochorion. During 
histological preparation the exochorion frequently tears loose and it is 
not difficult to peel away. The exochorion is seen to be relatively thin 
and studded with bosses (Figure 2^)_. The endochorion is much thicker and 
smooth. It was not determined whether an oily layer exists between the 
exochorion and endochorion as found in C^. pipiens (Idris, 1960). In addi­
tion to chorionic membranes there is evidence for a third limiting mem­
brane in early eggs. In some sections in which both exochorion and endo­
chorion have been removed the egg surface retains its shape, seemingly 
invested by a third limiting membrane. This does not agree with the work 
of Harwood and Horsfall (1957) in which the coverings of flood water mos­
quito eggs showed no such inner layer until much later in development. 
The eggs of C. inornata are pearly white when first oviposited- An 
hour later they appear gray with darker regions at the poles. At two 
hours the poles show very dark disc shaped areas with gray proceeding ahead 
of these dark discs leaving a relatively creamy band, about 1/3 the length 
of the egg, between the poles. At 2% hours this center band darkens and 
the poles are very black. By 3 hours the eggs appear to the unaided eye 
to be uniformly black but under the binocular microscope a banded appear-
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arice still exists with black discs, a brown band, a grayish black band, -
and then gray proceeding from each pole with the gray segment in the cen­
ter occupying about 1/10^^ the length of the egg. By four hours the banded 
appearance is gone and except for very black discs at either pole the egg 
is uniformly dark brown. This coloration takes place in the endochorion. 
The egg contains yolk spheres ranging in size from 3-10 vu, with cyto­
plasm ramifying throughout the egg. At the surface of the egg the cyto­
plasm is denser and free from yolk. At the posterior pole in the newly 
laid egg is a thin saucer-shaped granular region, the pole plasm or the 
oosome (Figure 8). 
Maturation and fertilization 
Some eggs from each raft used for histological preparation were al­
lowed to develop, serving as controls. The eggs were always fertile and 
developed over a period of 96 hours, all eggs hatching within two hours 
of one another. 
Examination of longitudinally sectioned material from eggs 15-45 
minutes old disclosed sperm, (Figure 2). Of the eggs examined all showed 
more than one spermatozoon and usually three spermatozoa were found. In 
one egg five spermatozoa were noted. At this age sperm heads were usually 
located at the anterior pole in the peripheral yolk-free cytoplasm. The 
sperm head appeared as a teardrop shaped densely stained basophilic parti­
cle. Other 15-45 minute eggs contained sperm in which the compact densely 
stained sperm head had resolved itself into a vesicular, faintly stained 
nucleus (Figure 3). Associated with this vesicular nucleus were small 
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5-15 Al wide areas of yolk free cytoplasm characterized by radiating 
strands forming a sperm halo. Later this vesicular nucleus formed the 
sperm pronucleus with the haploid number of chromosomes. Such a pro­
nucleus was seen in eggs 45-65 minutes old. As the sperm nucleus under­
goes these changes the oocyte nucleus is undergoing maturation. The 
earliest phase of maturation noted was in eggs 15-35 minutes old. In 
one egg of this age diakinesis was observed (Figure 6)« The majority of 
eggs 15-35 minutes old, however, were in metaphase or anaphase I of the 
first meiotic division. 
The second meiotic division follows immediately after meiosis I 
(Figure 5). In meiosis neither asters nor cantrioles were seen. The polar 
bodies formed from meiosis I and II resolve into chromosomes which fuse to 
form a polar rosette. This rosette is only seen in the 45-65 minute eggs 
(Figure 7). The female and the male pronuclei now join (Figure 10). 
Sperm are thought to enter the egg through the micropyle as the egg 
passes the opening of the spermathecal ducts during oviposition (Christo­
phers, 1960). Polyspermy in insects, as shown by early workers, is very 
common. However, recent workers (Hildreth and Lucchesi, 1963) have ob­
tained convincing evidence for monospermy in several species of Drosophila 
which had previously been reported to be polyspermic. Hildreth and Luchesi 
question the normalcy of eggs in which very large numbers of sperm have 
been reported. 
Larsen (1952) in his study of C. inornata was not able to determine 
the presence of sperm in eggs fixed 30 minutes after oviposition, nor did 
Larsen report on maturation in C. inornata eggs. It should be noted that 
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many of these eggs would actually be 50 minutes old if oviposition required 
2 0 minutes. The earliest stages examined by Christophers (1960) of 
C. molestus were at the cleavage nucleus stage and Ivanova-Kazas (1949) 
does not describe the sperm or maturation divisions in Anopheles maculi-
pennis. The only previous account of sperm detection in the culicid egg or 
of oocyte maturation is by Idris (1960). Idris (1960) gives a detailed 
description of sperm in the eggs of C. pipiens which closely parallels the 
description given here of C. inornata. A description of sperm halos with 
two sperm parts is presented. Idris (1960) believes these two parts to 
be the sperm nucleus and the middle piece. In a sectioned 30 minute old 
egg a very similar appearance of the sperm in C. inornata has been observed 
(Figures 4 and 5). 
The earliest eggs of C. pipiens observed by Idris (1960) were in 
maturation division I. In C. pipiens during meiosis I an interesting belt­
like arrangement of the plasma is formed which crosses the center of the 
spindle. Associated with this belt are basophilic granules. The belt 
terminates in wing-like processes which enter the cytoplasm on either side 
of the meiotic spindle. Huettner (1924) has reported seeing a very similar 
structure in the maturation divisions of Drosophila which he termed the 
•midbody*. In examining meiotic figures formed in C. inornata longitudinal 
sections frequently showed a belt-like structure with terminal wing-like 
process (Figure 4), but no basophilic granules could be seen. This may or 
may not be the *midbody* spoken of by Huettner (1924) and Idris (1960). 
The functional significance of the 'midbody' is not described by either 
Huettner (1924) nor Idris (1960), but Idris does suggest the mid-body 
V/ 
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Iri summary, one hour after the eggs are oviposited in C. iiiornata 
both meiotic divisions have taken place, the polar bodies have formed 
a rosette of chromosomes, the sperm head has resolved itself into a male 
pronucleus and male and female pronuclei have united. 
Superficial cleavage and blastoderm formation 
In general, insect eggs undergo superficial cleavage; i.e., the 
zygote nucleus divides without division of the cytoplasm» Af Le.r several 
such divisions the daughter nuclei move from the yolk Lo the egg surface, 
cell membranes form between the nuclei and the blastoderm is thereby formed » 
The eggs of C. inornata are of this type. 
Almost immediately after fusion of the pronuclei in C- inornata Lhe 
xygote nucleus undergoes first cleavage (Figure 11). This occurs in Lhe 
deutoplasm of the anterior third of the egg. The daughter nuclei It-
Lrig L roia this tir.sL cleavage rema in in Lhe anterior third oL Lhe egj;,, one 
behind the otlier. The daughter nuclei are surrounded by very Large 2 0 - 3 0  
AI cytoplasmic halos which are connected to one another tlirough cytoplasmic 
strandso In eggs histologically prepared for examination two hours after 
thi; eggs are oviposited. Lour to eigfit nuclei, are I ountl. All cloivaj't-. nuclei, 
observed a L L h Ls sLage s ta Lned very d(x:p ly ;rntl were, joi.neil via i y tup lasmic. 
.\:t , I'hey iJ ill not h-'ive clLsLincL nuclear iiiembL.uu'.s, i.iul i ca I ing Llu-y we iv 
niLLotic-'iJ I y active. The (our to c.ighL nuclei wen; found in the Lnnef 
portion of the egg at the anteri<jr end. Thriie hours afte.r the eggs were 
ov ipos itf-d, 32 nuclei were found. These nuclei were spread more widely 
th rough Lhe yolk, they did not stain as deeply, .and :i nuc le.'ir iiembrane. was 
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evident. The nuclei did not appear to be joined by cytoplasmic 
strands. In other eggs of this age the nuclei resembled those of an 
earlier stage. In eggs fixed four hours after egg laying exact 
nuclear counts could not be made but by counting nuclei in some sections 
an estimate of over 100 nuclei was made. Many of these nuclei could now 
be found in the periplasm. A tangential section of the egg surface at 
this age showed a mosaic of mitotic figures (Figure 22). In the dark 
staining basophilic oosome five nuclei were seen. They appeared to be 
budding off the posterior pole of the egg and were very distinct from the 
nuclei of the periplasm (Figure 15). From their appearance they were 
easily recognized as the pole cells. The cytoplasm of the pole cells was 
seen to contain the granules of the oosome. The pole cells were in vari­
ous phases of the cell cycle; i.e., some had distinct chromosomes and 
others had diffuse chromatin material. Thus in these cells no mitotic 
synchrony is observed either with respect to other pole cells or with re­
spect to the nuclei of the periplasm. Within the egg yolk many nuclei re­
mained. These are the vitellophages. They are very dark staining, star-
shaped, and without distinct nuclear membranes (Figure 14). In the sec­
tion tangential to the egg surface the mitotic spindles are seen to be 
parallel to the surface as well as perpendicular to the surface. In 
earlier cleavages the mitotic spindle was almost always parallel to the 
egg surface (Figure 13). At this stage the mitotic spindles are not as 
elongated as in earlier eggs. 
At six hours the number of nuclei have increased and at this stage 
many eggs, unlike those of four hours, have nuclei in a quiescent state. 
In such eggs, the nuclei are spherical with distinct membranes. Within 
the nuclei chromatin clumps are apparent. The periplasm has increased 
considerably in thickness since the egg was oviposited, particularly at 
the surface and the posterior pole. The surface of the periplasm is very 
slightly scalloped (Figure 16). In the anterior region of the egg more 
nuclei populated the periplasm. At six hours these nuclei were wide-spread 
with much periplasm between them. If the periplasm is examined closely 
it can be seen to be composed of three layers. The layer overlying the 
nuclei is denser than that of the periplasm in which the nuclei are em­
bedded, and between the inner edge of the nuclei and the yolk, a third 
layer of the periplasm is apparent. This third layer is very granular 
but not as dense as the periplasm betwet^n it and the egg surface (Figure 
16). These three layers of the periplasm have been noted by Idris (1960) 
in C. pipiens and will be discussed below. 
At ten hours the cortex of the egg is well populated with cleavage 
nuclei. As the cell boundaries begin to form from the outside, the sur­
face layer in which these nuclei reside has a distinctively scalloped 
appearance (Figures 18 and 19). The three layers of the periplasm are 
still evident and the periplasm at the posterior pole is now very thick. 
The pole cells can be seen and in some sections there are six. These 
counts of pole cells are from longitudinal sections and are of uncertain 
accuracy (Figure 19 ). The cytoplasm contains basophilic granules which 
often form an almost continuous ring about the nucleus (Figure 23). 
In thirteen hour eggs the true blastoderm is formed. The nuclei in the 
egg periphery are separated from one another by cell walls. These cells are 
columnar with a dark staining granular cytoplasm (Figure 20). There are 
nuclei with mitotic figures, as well as resting nuclei. Resting nuclei are 
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spherical with distinct membranes, nucleoli, and chromatin material. 
From the mitotic figures it can be seen that the new cells will form to 
the inside of the cells of the blastoderm. The three layers of the peri­
plasm have changed considerably. The inner layer of periplasm (secondary 
periplasm of Idris, 1960) is very thick and granulated. The middle layer 
has receded now to a very thin, faintly staining, and barely visible line. 
The outer layer (the blastodermal plasma of Idris, 1960) is very obvious 
with a granular appearance. The blastodermal plasma is much denser and 
stains darker than the secondary periplasm. The blastodermal plasma is 
found between the egg surface and the blastodermal nuclei. In thirteen 
hour sections pole cells are no longer heaped up at the pole in their 
characteristic manner (Figure 21). The yolk spheres are now much more 
compact and the reticulated cytoplasm that in the earlier stages ramified 
throughout the egg has diminished. The vitellophages are still found in 
the yolk. These remain as nuclei without cell membranes. The function of 
the vitellophages is believed by some entomologists to be involved in 
yolk resorption and by others to be involved in midgut epithelium forma­
tion (Poulson, 1950). 
Other studies concerned with early cleavage of culicids include the 
work of Christophers (1960) on C. molestus» In this mosquito the rate of 
division is once every twenty minutes and, at least in the early divisions, 
the nuclei divide simultaneously. Early blastoderm is formed in six hours 
at which time the rate of division decreases considerably. At four hours 
pole cells are seen in the early blastoderm. 
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Gander (1951) gives only a very cursory treatment of early cleavage 
in Aedes aegypti. At 1% hours four cleavage nuclei are noted and at 
three hours these migrate to the surface and pole cells are noted. 
Ivanova-Kazas (1949) finds that in Anopheles maculipennis four cleavage 
energids normally enter the pole plasm and through later divisions form 
2 0-30 pole cells. 
Larsen (1952) shows sections of C. inornata which are beyond the 16 
cell stage and 4-6 hours old. Up to the 16 cleavage energid stage Larsen 
believes mitosis is synchronous, "but probably at this point there is a 
cessation of synchronous division". Blastoderm formation is complete at 
the 14th hour of development- Larsen also reports he was unable to detect 
pole cells in these early stages and that this would require further in­
vestigation. 
The very detailed and informative embryological study of C. pipiens 
by Id ris (1960) divides cleavage into 3 phases: 
Phase I. Nuclei increase through 5 mitotic divisions forming a 
nuclear sphere within the yolk. 
Phase II. Two more mitotic divisions occur and the nuclei with their 
islands of cytoplasm migrate to the egg surface. 
Phase III. Nuclear division increases nuclei on the egg surface to 
2 56 and the ooplasm withdraws from the posterior pole. Pole cells are 
formed. This cleavage pattern could very well fit C. inornata. At three 
\ 
hours 32 cleavage nuclei (5 divisions) are seen while at four hours the 
nuclei now number over 100, indicating two more divisions. A mitotic wave 
is obser^'ed at 4 hours with all nuclei dividing and in eggs of this age 
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In C. piplens blastoderm formation is also divided into bhree phases: 
Phase lo The preblastodermal stage; the three layers of the peri­
plasm are evident for the first time. 
Phase II. The homogenous blastoderm; large numbers of vitallophages; 
and cleavage furrows pinching off biastodermal nuclei» 
Phase IIIo The differentiated blastoderm; biastodermal layer made 
up of biastodermal cells, and blastoderm slightly thicker in ventral half 
of egg Cidris, 1960), 
Again, this scheme could be adapted to fit C- inornnta^ The pre-
blar;toderma 1. stage in which the three layers of the periplasm are apparent 
is first seen in eggs fixed six hours after oviposition. The si-cond stage 
of blastoderm formation in which vitellophages are numerous and cleavage 
furrows, although not completely surrounding the nuclei, are, nonetheless, 
present is found in C. inornata eggs fixed ten hours after ovi[)osiL Lon. 
Th(; :;tage in which the blastoderm becomes dif f erenb iated in C„ inornaLet 
occurs 13 hours alter oviposition. A summary of the early clevt; I opiiienLa J 
events in C. inornata is provided in Table l~ ^ 
My observations of C. inornata show that, the Lirst five, cliavajies 
are synchronous. Cleavages VI and VU were not observed. Cleavage V1II 
is also synchronous occurring as a mitotic wave that spreads over the egg 
r.urface where the cleavage nuclei are now found (Figures 14 and 72) u The 
rate of' c;leavaj|,e slows down considerably after this as eviilenced by I lie 
' 
appearance in six h<;ur eggs of resLlng nuclei in the prel)lastodermaI layer 
(J''i)»ure 16)., These resting nuclei are characteri/.ed by def inile nuclear 
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membranes, a spherical shape and chromatin. In longitudinal sections of 
the differentiated blastoderm mitotic figures can be seen in some blasto-
dermal nuclei while other blastodermal cells show a resting nucleus; 
thus, simultaneous mitosis is no longer evident at thirteen hours (Figure 
20) .  
Table 1. Time table summarizing early development of Culiseta inornata 
at 2 0Oc. 
Event Minutes after 
ovipos ition 
Refer 
to Fig. 
Me ios is I 
Meiosis II: polar bodies 
form polar body rosette 
Fert ilization 
Cleavages I, II, III, IV, 
Cleavages VI, VII 
Cleavage VIII; pole cells^ 
appear; nuclei are now in 
the periplasm 
Periplasm shows layers 
Cleavage furrows form 
Blastodermal cells 
0 
60 
60 
60-180 
180-240 
240 
360 
360-600 
600-1300 
6 
4,5,7 
10 .. , 
11,12 
Did not see 
14,15,22 
16 
18,19 
20 
^These cleavages are synchronous. 
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Of interest to many workers are the early synchronous divisions of 
the cleavage nuclei in insect eggs. It is not known what mechanism operates 
to ensure the simultaneous mitosis of nuclei, but many hypotheses have 
been made and some experimental work has been done. Rabinowitz (1941) 
states that simultaneous mitoses seem to persist in Drosophila as long 
as protoplasmic continuity remains between the nuclei. It should be 
pointed out that at this stage the egg is a multinucleated cell and syn­
chronous mitoses in a syncytium are relatively common. If the nuclei are 
isopotent as is believed by almost all workers, does then the synchrony 
of mitotic activity indicate a homogeneous environment? Sonnenblick (1950) 
emphasized that, although the environment might be uniform with regard to 
mitosis, this would not preclude a patterned mosaic egg. Presumably the 
factors in the environment that affect mitosis are not the same factors 
that act in differentiation. 
In the unfertilized eggs of Gryllus (Mahr, 1960) the oocyte nucleus 
fragments and as it does this the nuclear fragments attract the surround­
ing endoplasm to form a large plasma island. If the nucleus does not 
fragment, the reticuloendoplasm will still collect to form islands free 
of nuclear material. This is called pseudocleavage. Von Borstel (1957) 
exposed Habrobracon eggs to X-rays to arrest DNA synthesis; however, the 
cytoplasm devoid of DNA continued to divide and to form spindle type struc­
tures. Autonomous aggregation of the reticuloplasm is indicated. In 
their analysis of these studies Krause and Sander (1962) cite these as 
examples of autonomous ooplasmic processes; i.e., these are processes that 
occur in the absence of a genome. However, in general it may be best to 
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assume that the nuclei have a species specific mitotic rhythm which can 
be modified if the nucleus meets with some specific influence in the 
ooplasm. 
The migration of the cleavage nuclei presents another speculative 
facet of insect embryology. At a symposium for developmental physiolo­
gists held in 1956 this problem was discussed by prominent workers in this 
field. No single mechanism was accepted by all. The following quotes 
have been excerpted from one session devoted to this. 
D. Bodenstein: One should recognize that the nuclei are connected 
by a cytoplasmic net to the periplasm. Therefore, a net contrac­
tion would move nuclear groups. A localized contraction may and 
apparently does result in a specific grouping of nuclei. Nuclear 
movement in such cases would be a passive movement. 
V.B. Wigglesworth: It was Strasburger, I think, who suggested 
that since what moves ahead of the nucleus are recognizable 
particulates in the cytoplasm, there must be something which is 
moving the nucleus. Dr. Geigy's and other people's results have 
shown that the prime mover in organization is in the plasma» That 
being so, one would suspect that the prime mover in this movement 
and concentration of plasma is the periplasm. At a certain age of 
development, that plasma pulls a lot of nuclei into its substance 
because it needs nuclei for further development, for administrative 
purposes, and for the supply of appropriate genes and gene products, 
and so on. 
E.W. Caspari: Strasburger interpreted these particulates as cen-
trioles. It might be pointed out that centrioles possess a number 
of characteristics which would make them likely candidates for a 
prime mover, if such has to be assumed. 
C.M. Williams: But I do believ^ that nature has been slow in learn­
ing how to push. Nature moves things by contraction, and so this 
would certainly suggest that there is a traction in cytoplasm. Now, 
if this is so, the only well-known system which contracts is the 
myosin-actomyosin system. 
E.H. Waddington: I think you have to take a wider view of intra­
cellular movement. There is here pretty clear movement within a 
single undivided lump, before the blastoderm is formed and before 
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there are cell boundaries. Consider cyclosis in a plant cell: 
... the whole contents of the cell, apart from the nucleus 
and vacuole, are going round and round and you cannot see anything 
pulling or pushing; it is something concerned with chemical 
changes within the cell.^ 
The problem is as conjectural today as it was twelve years ago 
when the conference was held. 
Histochemical studies of eggs 
The dipteran egg is considered to have determinate development. At 
an early stage in development each part of the egg has had its fate de­
cided. 'At an early stage in development' is not a very specific time. 
At what stage in early development, and how, is this pre-determined fate 
brought about? Both of these questions seem basic to the understanding of 
insect embryology. 
From the work of Idris (1960) it would seem the pattern has been set 
before first cleavage. Cleavage occurs within one hour after oviposition 
in C. inornata. Thus, the following histochemical studies were made on 
the egg during the first hour of development. 
All eggs used for this study were fixed within one hour after oviposi­
tion. The specific results obtained from the histochemical staining for 
PAS + substances, fats, proteins, DMA, and RNA is summarized in Table 2. . 
Some of the more generalized observations are described in the following 
paragraphs: 
Staining shows a higher concentration of proteins, PAS+ substances, 
and yolk spheres at the poles (Figures 28, 33, and 36). The yolk spheres 
^Source: Conference on Physiology of Insect Development (1956). 
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at the anterior pole are flattened against the endochorion while the yolk 
spheres at the posterior pole are elongated (Figure 33). Puncturing of 
the eggs disturbed the cytoplasm but not all eggs were punctured in the 
same place and as this phenomenon was seen in many eggs, it was probably 
not due to cytoplasm streaming out. The disposition of the yolk spheres 
is such as to suggest a repulsive force operating in the egg center to 
push the spheres to the poles. The posterior pole is very granular and 
basophilic. In addition it is protein rich and stains for RNA (Figure 
29). 
The peripheral plasm of the egg stains for protein and for RNA. 
The endochorion is thick and stains intensely for protein. DNA is con­
fined to the chromatin of the oocyte nucleus. 
In eggs preparing for cleavage large cytoplasmic islands free of 
yolk spheres are found within the inner part of the egg (Figures 28 and 
36). In early eggs, fixed immediately after oviposit ion, cytoplasmic 
strands are associated with the maturing oocyte nucleus. Both Nile blue 
and oil red 0 were taken up by some of the spheres. These then contain 
lipids. In the posterior pole oil red O staining was particularly intense, 
especially after heating. Nile blue stains darker at both poles. No red 
color is observed and the staining is probably due to phospholipids. 
From these findings it is evident that cytoplasmic localizations are 
already present. These results prompted an investigation into oocyte de­
velopment. 
Table 2. Histochemical results from eggs fixed one hour after oviposition 
Azure B Fast Gr Triple St HgBrom® B1 NBS hNBs ORO hORO 
Pur B1 BlGr Pink Green B1 Yell Red Blue B1 Red B1 Red Red Red 
Ant. pole 
Post, pole ++ 
+++ +++ 
+++ 
++ 
++ 
+++ 
+++ 
++ 
++ 
+++ 
+++ +++ 
Ret. Plasma ++ ++ + + + + 
Periplasm 
Spheres 
++ 
++ 
++ 
++ 
++ ++ 
++ ++ ++ 
+++ 
++ +++ 
^Abbreviations: Pur=purple, Bl=blue, BlGr=blue green, Yell=yellow, NBS=Nile Blue Sulfate, 
hNBS=heated Nile Blue Sulfate, ORO=oil Red 0, hORO=heated oil Red 0. 
+ = weak stain. . 
++ = intermediate stain. 
+++= intense stain. 
These footnotes pertain to this and following tables in the dissertation. 
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Follicular Development 
General morphology 
In the female mosquito the ovaries are found dorsally at the level of 
the fifth segment. A duct joins each ovary with a common oviduct and 
this in turn communicates with the genital pore. Spermatheca, three in 
G. inornata, which have received sperm during copulation, and an acces­
sory gland pour their products into the common oviduct. The ovary is 
comprised of a number of ovarioles. The ovarioles are the functional 
units of the ovary and consist of a terminal filament, germarium, vitel-
larium and pedicel. Mitotic activity in the germarium gives rise to pri-
r t  t r  
mary oogonia. The oogonium in turn divides into eight daughter cells. 
One of these eight cells is the oocyte and the other seven are the nurse 
cells. As the oocyte and nurse cells leave the germarium they become 
enclosed in an epithelial sac of small cells, the follicular cells. The 
oocyte, nurse cells and follicle cells make up a follicle. In an unfed 
female these follicles are very small and quiescent. Development of this 
follicle within the vitellarium occurs after a blood meal. This pre­
liminary histochemical investigation was concerned with the changes 
which accompany the development of the follicle after a blood meal. 
Follicular changes during development 
The morphological changes of the follicle which occur after a blood 
meal have, been studied by Christophers (1911), Nicholson (1921), and Nath 
(1924). Christophers devised a method for staging these developmental 
changes which was later modified by Macan (1950). These stages as listed 
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by Christophers (1960) and by Clements (1963) are: 
Stage I. Cytoplasm of the oocyte free from granules and oocyte 
indistinguishable from the nurse cells. 
Stage II. Yolk granules present in the cytoplasm of oocyte but not 
obscuring the nucleus. 
Stage III- Oocyte nucleus obscured by yolk granules; follicle oval. 
Stage IV. The follicle is elongated and more or less the shape of 
the future egg. 
Stage V: Chorionic structure visible. 
In this study, 0.5, 1, 2, 5, 6, and 7 days after a blood meal female 
abdomens were fixed and prepared for microscopic examination. The stag­
ing scheme listed above although primarily designed for field work, can 
be very well used to describe the general morphological changes which oc­
cur in the follicles used for this study. However, more specific cytologi-
cal information gained from this study can now be included. 
The nurse cells in the earliest follicles examined are very large cells 
and have unusually large nuclei that increase in size during development 
of the follicle. In addition most stages show prominent and numerous 
nucleoli. At no stage are the nurse cell cytoplasmic membranes stained. 
One day after the blood meal the cytoplasm of the nurse cells appears to 
be continuous with the cytoplasmic reticulum of the oocyte. Later the 
cytoplasm of the nurse cells decreases (Figure 26). In the fully developed 
ff 
oocyte nurse and follicle cell nuclei are embedded in the chorion (Figure 
32). 
The oocytes undergo a number of striking changes. In addition to 
the tremendous accumulation of yolk in the cytoplasm very obvious changes 
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occur in the nucleus. The nucleus is first seen to be spherical and later 
becomes irregular (Figures 24, 25, 26). It is at this time that deeply 
stained inclusions are noted within the oocyte nucleus (Figure 25). 
Nicholson (1921) describes "deeply staining globular masses" in the nucleus 
of the oocyte at the time that the nurse cell cytoplasm is decreasing, and 
suggests that the "deeply staining globular masses" are derived from the 
breakdown of the nurse cells. No doubt the "deeply staining globular 
masses" of Nicholson are what I call inclusions. At five days after a 
blood meal the oocyte nucleus is seen as a highly branched structure 
whose strands seem to be continuous with the reticulated cytoplasm. Later 
the nucleus is not visible. 
The follicular cells increase greatly in size as the follicle de­
velops but not in number (Nicholson, 1921). In the fully developed folli­
cle the nuclei of the follicular cells are found in the chorionic membrane. 
Histochemical observations 
The tabulated results of these histochemical observations are in 
Tables 3-7. The following paragraphs provide a brief account of the main ob­
servations . 
Nurse cells At twelve hours the nurse cells have nuclei with 
chromatin staining for DNA and protein. The cytoplasm stains for RNA and 
protein (Figures 24, 30, 34). Twelve hours later the nuclear membrane stains 
with mercuric bromphenol blue and Fast green. At no time are membranes limit­
ing the nurse cells stained. Nucleoli are present and stain for DNA and 
protein. The cytoplasm is rich in protein and RNA (Figures 25, 37 and 38). 
The nuclear membrane at two days is still obvious. Nucleoli are not evi-
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Table 3. Histochemical observations of follicles 12 hrs after a blood 
meal 
Azure B Fast Gr Triple St HgBromQBl 
Pur B1 BlGr Pink Green B1 Yell Red Blue^ 
Nurse cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromât in 
Cytoplasm 
membrane 
inclusions 
cytoplasm ++ 
Follicle cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
Cytoplasm 
membrane 
plasm ++ + + 
Oocyte 
Nucleus 
membrane 
nucleolus 
nucleoplasm ++ 
chromatin ++ ++ 
inclusions 
Cytoplasm 
Sphere I 
Sphere II 
Sphere III 
Plasm + + 
Ret. plasm 
++ +++ ++ ++ 
++ ++ 
+ + + + 
+ + + + 
+ + 
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Table 4. Histochemical observations of follicles 24 hrs after a blood 
meal 
Azure B Fast Gr Triple St HgBrom(JBl 
Pur B1 BlGr Pink Green B.l Yell Red Blue 
Nurse cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
++ 
++ 
++ ++ + + 
Cytoplasm 
membrane 
inclusions 
plasm ++ +++ 
Follicle cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
+ + 
++ 
++ 
+ + 
Cytoplasm 
membrane 
plasm ++ +++ 
Oocyte 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
inclusions 
++ 
+ + 
++ +++ 
++ 
++ 
++ 
++ 
+• + 
+ + 
Cytoplasm 
Sphere I 
Sphere II 
Sphere III 
Plasm 
Ret. plasm 
+ + 
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Table 5. Histochemical observations of follicles 48 hrs after a blood 
meal 
Azure B Fast Gr Triple St HgBrom<5Bl 
Pur B1 BlGr Pink Green B1 Yell Red Blue 
Nurse cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
+ + + + + + 
+ + + + + + 
Cytoplasm 
membrane 
inclusions 
plasm ++ ++ ++ ++ 
Follicle cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromât in 
++ 
++ 
++ 
++ 
++ 
++ 
Cytoplasm 
membrane 
plasm ++ ++ + + 
Oocyte 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
inclusions 
++ 
++ 
+ 
++ 
+++ 
++ 
+ 
+ + 
++ 
Cytoplasm 
Sphere I 
Sphere II 
Sphere III 
Plasm 
Ret, plasm 
+ 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
+ + 
++ 
++ 
++ 
+ + 
++ 
+ + 
++ 
++ 
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Table 6. Histochemical observations of follicles 5 days after a blood 
meal 
Azure B 
Pur B1 BlGr Pink 
Fast Gr Triple St HgBrom(J)Bl 
Green , B1 Yell Red Blue 
Nurse cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
++ 
+ + 
++ 
++ 
++ ++ 
++ 
++ 
+ + 
+ + 
Cytoplasm 
membrane 
inclusions 
plasm ++ ++ ++ 
Follicle cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromât in 
++ 
++ 
+ 
++ 
++ 
++ 
+ 
+ + 
Cytoplasm 
membrane 
plasm ++ 
Oocyte 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
inclusions 
++ 
Cytoplasm 
Sphere I 
Sphere II 
Sphere III 
Plasm 
Ret- plasm 
++ 
++ 
++ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ 
+ + 
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Table 7. Histochemical observations of follicles 6 to 7 days after a 
blood meal 
Azure B Fast Gr Triple St HgBromQBl 
Pur B1 BlGr Pink Green B1 Yell Red Blue 
Nurse cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
Cytoplasm 
membrane 
inclusions 
cytoplasm 
Follicle cells 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin ++ ++ 
Cytoplasm 
membrane 
plasm 
tl 
Oocyte 
Nucleus 
membrane 
nucleolus 
nucleoplasm 
chromatin 
inclusions 
Cytoplasm 
Sphere I 
Sphere II 
Sphere III 
Plasm 
Ret. plasm 
++ 
+ + 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
+ + 
+ + + + + + + + + + + + 
+ + 
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dent. No change in staining of chromatin or cytoplasm is noted (Figures 
26, 31, 35). At five days nucleoli are again prominent- The nucleoplasm 
stains for protein and the chromatin is still positive for DNA and protein, 
as is the cytoplasm for protein and RNA. At six and seven days the nurse 
cells are no longer identifiable (Figures 27 and 32). 
Follicle cells Twelve hours after the blood meal the follicle 
cells show nucleoli staining for protein, nucleoplasm with DNA and pro­
tein, chromatin positive for DNA and a nuclear membrane faintly stained. 
The cytoplasm is positive for RNA and gives a weak reaction to protein 
(Figures 24, 30, 34). At twenty-four hours the nucleolus stains for DNA 
and protein, the nucleoplasm gives a weak protein stain, the nuclear mem­
brane stains for protein and chromatin stains for DNA and protein. The cy­
toplasm shows RNA and protein (Figures 25, 37, 38). At two days the nucleo­
plasm is unstained but no other changes appear in the nucleus. The basement 
membrane of the follicle cell shows a PAS+ stain and the cytoplasm remains 
positive for RNA and protein (Figures 26, 31, 35). By five days the nucleo­
plasm again shows a weak stain for protein and the cytoplasm is not as rich 
in protein. At six and seven days the nucleus, as DNA+ chromatin material, 
is all that can be seen of the follicle cells (Figures 27 and 32). 
Oocyte The oocyte twelve hours after a blood meal has, in its 
nucleus, nucleoplasm with DNA and chromatin strands staining for DNA 
and protein. The cytoplasm gives a weak but general protein stain. There 
are no yolk spheres visible (Figures 24, 30, 34). One day after the blood 
meal the oocyte nucleus has ctianged considerably. The nucleoplasm now 
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stains for PAS+ substances, proteins, and DNÂ. Chromatin is still posi­
tive for protein and DNA. In addition there are a number of inclusion 
bodies in the nucleoplasm (Figures 25, 37, 38). These stain blue-green 
with Azure B but do not stain with Azure A. The inclusion bodies stain 
very intensely for protein. 
Sharma (1966) has described nucleolar extrusions in C. fatigans. 
From his description these are what Nicholson (1921) described as "deeply 
staining globular masses" and what has been referred to in this study as 
inclusions. Sharma finds that these nucleolar extrusions of the oocyte 
contain RNA. The findings from this histochemical investigation do not 
verify Sharma*s conclusion. Spheres now appear in the cytoplasm. They 
are vacuolated and do not take protein stains; however, in an ovary one 
day after a blood meal PAS+ spheres are present. Inclusion bodies are 
still apparent in the nucleoplasm 24 hours later. They stain intensely 
for protein. Spheres in the cytoplasm now stain purple, blue and pink 
with Azure B, are PAS+ and stain for protein. The cytoplasm contains 
proteins (Figures 26, 31, 35). 
At five days the nucleoplasm stains for protein. No chromatin can 
be identified. The reticulated cytoplasm is positive for RNA and protein. 
At seven days the oocyte, now elongated with chorionic membranes, does not 
show a nucleus. The peripheral cytoplasm of the egg stains intensely for 
protein and stains blue green with Azure B. The spheres are stained blue 
and blue green with Azure B, are proteinaceous and PAS+. The reticulated 
cytoplasm is evident and stains for RNA (Figures 27 and 32). 
49 
Interpretation of histochemical studies 
In order to best interpret these histochemical findings a few com­
ments regarding what roles the cells of the developing follicle are be­
lieved to take, seems desirable. These comments are derived from other 
histochemical studies, autoradiography, and fine structure analysis on 
insect oogenesis. 
Role of follicle cells The intensity of both the RNA and protein 
stain in the follicle cells as well as the cyclic nature of this intensity 
and its non-synchronous appearance; i.e., not all cells appear equally 
stained at the same time, suggests that the follicle cells are involved in 
active synthesis. Studies by King (1959) show that tritiated uridine and 
cytidine are incorporated into the RNA of the follicle cell nuclei and 
later in the follicle cell cytoplasm at a very rapid rate. The amount 
of labeling in the oocyte plasma is minimal. That the RNA is active in 
protein synthesis is indicated by the appearance of labeled protein in 
the follicle cell cytoplasm of ovaries exposed to tritiated amino acids 
before its appearance in any other part of the ovary. Morphological 
studies (King and Koch, 1963) indicate that the follicle cells form the 
vitelline membrane, basement membrane and chorionic structure. This may 
account for the intensive RNA and protein synthesis in these cells. Telfer 
(1961, 1965) has shown that the yolk proteins of the oocyte are blood pro­
teins taken up by the oocyte. These proteins would have to pass through 
the follicular cells. Since the follicle cells appear to have a very 
porous nature, this may just be passive transport. Alternatively, the 
follicle cells may produce some protein which helps to glue the protein 
to the oocyte surface where pinocytosis occurs (Roth and Porter, 1964). 
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Role of nurse cells The large size of these cells and their 
nuclei suggested endoploidy. Studies by Jacob and Sirlin (1959) have 
confirmed this in Drosophila. In polytrophic ovaries the nurse cell 
cytoplasm is frequently found to be confluent with the ooplasm, although 
Roth (1964) did not find such connectives in his fine structure study of 
the Aedes oocyte. At the level of the light microscope the cytoplasm of 
nurse cells in C. inornata seems to be continuous with the cytoplasmic 
reticulum of the ooplasm. It should also be noted that at no time did 
the nurse cell membranes stain. In view of the occurrence of nurse cell 
breakdown during o'ocyte growth, the high DNA content of these cells, 
and the cytoplasmic continuity with the ooplasm, the nurse cells would be 
a logical source for cytoplasmic DNA in the ooplasm of insect eggs. In 
polytrophic ovaries in which the Feulgen reaction or other histochemical 
stains fail to demonstrate ottplasmic DNA, it may be because of dilution 
or because the DNA has been depolymerized. There is ample evidence to 
show that free deoxyribosides occur in insect eggs. However, nurse cells 
and their nuclei have been noted outside of the chorion at the conclusion 
of oocyte growth. 
The nurse cell cytoplasm has been shown in this and other histo­
chemical studies to be rich in protein and RNA. The numerous and prominent 
nucleoli of the nurse cell nuclei is also indicative of protein synthesis. 
Nucleoli are now believed to be the site of ribosomal RNA (DeRobertis, 
1965). Studies by Bonhag (1955) have revealed two distinct localizations 
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of proteins: in yolk spheres, and in the cytoplasmic matrix. The pro­
tein of the yolk spheres has been proven to be extra-ovarian, and it is 
not likely that the cytoplasmic protein is produced in quantity by the 
ooplasm. The ooplasm (Anderson, 1964) does not have the necessary endo­
plasmic reticulum for such large scale protein synthesis. Thus, the 
nurse cells may well be the source for most ooplasmic proteins. 
There is strong evidence implicating the nurse cells in RNA transfer 
to the ooplasm. The work of Bier (1963) has shown the transfer of labeled 
RNA; appearing first in the nurse cells and then in the oocyte. It is 
known that the ooplasm can incorporate amino acids (Telfer, 1965) and 
thus functional ribosomal, messenger and transfer RNA must be present. 
The function of the nurse cells may be to furnish the machinery for a 
limited amount of protein synthesis as well as furnishing the oocyte 
with protein until such time as the blastodermal nuclei can provide their 
own. 
tl tt 
Role of oocyte The oocyte of the meroistic ovary may be involved in 
glycogen synthesis but for the most part the oocyte is probably mainly a 
storage vesicle. The histochemical findings of this study indicated that 
there may be three types of spheres found in the ooplasm. The studies of 
Nath (1958) indicated that the oocytes of C. fatigans contain two kinds of 
spheres: microspheres, containing lipid; and non-1ipid yolk spheres 
containing carbohydrate and proteins. The lipids of the microspheres in 
this study have no doubt been extracted during histological preparation. 
f-
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The staining of PAS+ spheres one day before the appearance of protein 
positive spheres might indicate a developmental sequence in which PAS+ 
material is formed before the protein; or it may be that the PAS+ spheres 
were examined in more advanced oocytes one day after a blood meal. This 
work would have to be repeated before any conclusions could be made. 
Other evidence suggesting that more than one type of protein-carbohydrate 
yolk sphere exists is the differential staining obtained with Azure B. 
The yolk spheres stain blue, purple and pink two days after a blood meal. 
Relationship of histochemical studies to the determinate nature of the 
insect egg 
If indeed the nurse cells do release nucleolar extrusions contain­
ing RNA and these sift down through the ooplasm via the branching 
reticulated oocyte nucleus, and reticulated cytoplasm, to the cortical 
region of the egg, might it be that this is instrumental in the pre-
patterning of the oocyte found in mosaic eggs? 
A triggering mechanism, possibly sperm entry, could activate these 
nucleolar extrusions; i.e., protein precursors. The protein precursors 
would then begin the process of chemodifferentiation. Chemodifferen-
tiation would result from the production of certain enzymes which in 
turn would control chemical reactions. The chemical reactions would 
establish a differential distribution of cytoplasmic substances. 
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The cleavage nuclei are genetically equivalent; however, each cleav­
age nucleus by virtue of its location, would be acted upon by different 
cytoplasmic substances. At the time of blastodermal formation the blasto-
derraal nuclei become genetically active; this activity might be controlled 
by the cytoplasmic substances present. Thus, the genome in one part of 
the egg might code for certain proteins while the genome in another part 
of the egg might code for other proteins. Such coding would be reflected 
in the morphological and histological aspects of differentiation. Can 
we, therefore, conclude that the protein precursors released by the nurse 
cell nucleoli are responsible for the determinate nature of dipteran eggs? 
In support of this idea it should be mentioned that; 
1. Panoistic ovarioles do not contain nurse cells. Insects, such as the 
beetles, which have panoistic ovarioles, are characterized by indeterminate 
development. Conversely, determinate development is restricted to the dip-
terans. Dipterans have meroistic ovarioles; i.e., ovarioles with nurse cells. 
2. The type of development, determinate or indeterminate, can be correlated 
with the thickness of the periplasm; the thicker the periplasm the more 
determinate the development- Extrusions from the nurse cell nucleoli sift­
ing down through the reticulated cytoplasm find their way to the periplasm 
and thereby increase the thickness of this region, 
3. The oosome of the insect egg is easily recognized by virtue of its 
cytoplasmic substances; e.g., basophilic granules. The cytoplasmic sub­
stances of the otfsome are known to affect the fate of nuclei. As the oocyte 
elongates nucleolar extrusions could collect in the posterior pole and 
trigger the chain of events which results in the cytoplasmic substances 
unique to the oosome. 
The next step will be to transplant an inverted ovariole. 
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Abbreviations Used 
An anterior 
as aster 
B blastoderm 
BP blastodermal periplasm 
C chorion 
Ci cytoplasmic island 
Cti chromosomes 
cf cleavage furrow 
cl cleavage 
cr chromatin 
D dorsal 
Ec endochorion 
Epn egg pronucleus 
F follicle 
fc follicle cell 
fen follicle cell nucleus 
ib inclusion bodies 
me meiosis 
nc nurse cell 
ncc nurse cell cytoplasm 
It ^ 
o oocyte 
on oocyte nucleus 
op ooplasm 
os oosome 
P periplasm 
Po posterior 
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pc pole cell 
pg polar granule 
pn pronucleus 
pbr polar body rosette 
rc reticulated cytoplasm 
s sperm 
Sp secondary periplasm 
spn sperm pronucleus 
V ventral 
V vitellophage 
y yolk 
Plate i 
Figure i. Egg ol C uiiseta iaoriiata approximately one hour al ter ov i 
position. Unfixed, and mounted in paraCfiti oil to show 
general features. Phase contrast, (lOX). 
'bracketed niiuiber:; at the end of I igiire. captions ri ler to Ltu- in 
II i.f ication ol the objective. A lOX eyepiece was used tor all pho to-
!!,r a]>l)s . 
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Plate 2 
Figures 2 through 23 are of eggs fixed in AFÂ, cut longitudinally 
at 2 u thickness, and stained with azure B and methylene blue. 
Figures 2 through 8 are of eggs less than one hour old. 
Figure 2. Egg fixed immediately after oviposition. Note the sperm 
head in the anterior periplasmic region of the egg (40X). 
Figure 3. Note sperm nucleus is now vesicular and faintly stained (40X). 

Plate 3 
Figure 4. Sperm head appears to be in two parts. In the lower left 
corner note meiosis and the belt like strands. These may 
form what Huettner (1924) has called the 'midbody' (40X). 
Figure 5. A different section from the egg of Figure 4. Note chromosomes 
in meiosis (40X). 

Plate 4 
Figure 6. A very young egg in diakinesis of meiosis I (lOOX). 
Figure 7. Polar body chromosomes have formed a polar body rosette 
(40X). 
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Plate 5 
Figure 8. Note the darkly stained, granular, and saucer shaped 
region of the posterior pole. This is the oosome (40X). 
Figures 9 through 12. Eggs fixed one hour after oviposition. 
Figure 9. Egg pronucleus in anterior yolky region of egg (20X). 
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Plate 6 
Figure 10. Note close proximity of pronuclei (lOOX). 
Figure 11. Cleavage I in the yolky portion of the egg (2OX). 
11 
Plate 7 
Figure 12. Same section as in Figure 11 but higher magnification. 
Note cleavage I in the anterior yolky region of egg (40X)» 
Figure 13. Egg fixed three hours after oviposition. Compare cleavage 
to cleavage I in Figure 2. Note how much closer the asters 
are (40X). 
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Plate 8 
Figures 14 and 15. Eggs fixed four hours after oviposition. 
Figure 14. Cleavage nuclei are in the periplasm and dividing syn­
chronously. Note vitellophages (40X). 
Figure 15. Pole cells are now evident (lOOX). 

Plate 9 
Figures 16 and 17. Eggs fixed six hours after oviposition. 
Figure 16. Note layers of the pre-blastoderm (40X). 
Figure 17. Note the yolk has contracted and pole cells are prominent 
(lOOX). 
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Plate 10 
Figures 18 and 19. Eggs fixed ten hours after oviposition» 
Figure 18. Note vitellophages and the cleavage furrows (40X). 
Figure 19. Pole cells are evident (2OX). 
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Plate 11 
Figures 20 and 21. Eggs fixed thirteen hours after oviposition. 
Figure 20. Note blastodermal nuclei in the tall, columnar cells 
(40X). 
Figure 21. Pole cells have now migrated into the yolky region of the egg 
(lOOX). 
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Plate ]2 
Figure 22. 
Figure 2 3. 
Longitudinal section near surface of an egg fixed four 
hours after oviposition. Note the mosaic pattern of 
mitotic figures; not all are parallel to the surface (lOOX). 
Egg fixed in osmic acid eight hours after oviposition. Note 
the polar granules have condensed to form a ring about the 
nucleus of the pole cell (lOOX). 

Plate 13 
Figures 24-36. Sagittal sections of the mosquito ovary or longitudinal 
sections of the mosquito egg. Figures 24-2 9 
were stained with azure B at pH 4. 
Figure 24. Follicle 0.5 day after a blood meal. Note ooplasm is devoid 
of yolk spheres. The oocyte nucleus is spherical and the 
nucleoplasm vacuolated (20X). 
Figure 25. Follicle one day after a blood meal. Note nurse cell nuclei 
have nucleoli and RNA+ (purple) cytoplasm, as do the follicle 
cells and reticulated cytoplasm of the oocyte. Inclusion 
bodies reside in the oocyte nucleus (2OX). 
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Plate 14 
Figure 2 6. Follicle two days after a blood meal. Oocyte nucleus is 
stellate with reticulated branches. The nurse cell cyto­
plasm is reduced considerably but still stains for RNA 
(purple), as do the follicle cells (20X). 
Figure 27. Follicle seven days after a blood meal. Elongated oocyte 
has a chorion, densely staining endochorion and periplasm 
(2 OX). 
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Plate 15 
Figures 28 and 2 9 are longitudinal sections o£ eggs fixed one hour after 
ovipos ition. 
Figure 28. Note the concentration of yolk at the poles and cleavage I 
in the cytoplasmic island (2OX). 
Figure 2 9. Note at the posterior pole the dark staining RNA+ 
(purple), granular ooplasm. This is the oosome (20X). 
85 
29 
o s 
Plate 16 
Figures 30 through 33. Triple stain was used. 
Figure 30. Follicles 0.5 day after a blood meal. Note the blue 
chromatin of the nurse cell nucleus, the oocyte nucleus and 
the follicle cell nucleus. No PAS+ substances are present. 
The background color covers the cytoplasm which is a faint 
yellow (2OX). 
Figure 31. Follicles two days after a blood meal. Note PAS+ granules 
(red) in the ooplasm (2OX). 
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Plate 17 
Figure 32. Follicle seven days after a blood meal. Note follicle 
and nurse cell nuclei in chorion. Note also the dense 
protein positive (yellow) peripheral layer of material 
(2 OX). 
Figure 33. Egg one hour after oviposition. Note protein (yellow) 
periplasm and cytoplasmic islands. PAS+ yolk spheres 
(red) are concentrated at the poles (2OX). 
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Plate 18 
Figure 34 through 36. Stained with Fast green at pH 1.2. 
Figure 34. Follicle 0.5 day after blood meal. Note protein (green) 
of follicle (2OX). 
Figure 35. Follicle 2 days after a blood meal. Protein positive in­
clusion bodies are in the oocyte nucleus. Yolk spheres are 
protein positive (green) as is the cytoplasm of follicle and 
nurse cell (2OX). 
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Plate 19 
Figure 36. Egg one hour after oviposition. Note periplasm, distribu­
tion of yolk spheres, and cytoplasmic islands. Cleavage I 
is evident (2 0X)-
Figure 37. Follicle one day after a blood meal. Note inclusion bodies 
of oocyte nucleus. Stained with azure B and methylene blue 
C2 0X). 
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Plate 20 
Figure 38. One day after a blood meal. Oocyte nucleus and nurse cell 
cytoplasm appear to be continuous (40X). Stained with 
azure B and methylene blue. 
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SUMMARY 
These studies oE C. inoraata show that the egg is oviposited during 
me i.or; ir; I. More than one sperm enters the egg. As the sperm rorms a 
pr ornic; I <;ur: Lhti undergoes iiieios is 11» PoLar bodies arc cast, oil 
I orming a chromosomal rosette in the periplasm. The newly formed teuu'iie 
pronucleus migrates into the yolk to tuse with the male pronucleus. 
This occurs within the first hour after oviposition at At. this tem­
perature the first five synchronous cleavages are completed during the 
next three hours of development;. At this time the cleavage ruiclei mi­
grate to the surface of the egg. The VIII cleavage is synchronous and 
occurs at the egg surface. Pole cells are now evident* At six hours the 
preblastodermal state is initiated and during the next four hours cleav­
age furrows are fortned. At thirteen hours ;i differentiated blastoderm 
appear;:. 
C.  Lnort i ; i  La one  hour  . ' i l 'Le- ,r  i>v  i .pos  i .  I  i on  ••- .how a  di . l  I i - r i -n  I .  l a  I d i . s -
Lri  butJ  on  o)  yo lk  . ipher i i : :  ,  prote in  and UNA>-  The  yo  I k  sphc .re^:  conccn I .r . i t i :  
a  L the  poles ;  the  prote in  s ta ins  are  intense  a t  the  pctr ipheral  sur  I ; i  ec  o l  
the  egg ,  .and a t  thi :  po les .  Both  the  ret iculated  cytoplasm and the  p i ;r i -
pheral  cy  toplasm are  prote in  pos i t ive .  RNA pos i t ive  su  bs  Lances  are  as -
. :oc  ia  Led wiLh the  n  •. I .  i eu  1.1 t t :d  cy  top  lasm,  pe .r ip lasm and LIk -  poster ior  pole . . .  
IjNA i f ;  r- .Ci t i l  i . i i ed  to  I he oocyLe r iuc l i ' .us .  
f joc;y1 ,  ( -  f l eve  I opmen L a  I t e f  / i  b lood ir icra]  in  C.  inoranta  at  1'  .  re ­
quire . ' ;  xcven day;; .  Durin; ' ,  deve  lopmet i t  the  oocyte ,  e longal  es  ani l  the  ooplasm 
I i l l . ; ;  wi th  yolk  ; ;pheres  which are  prote in  and PAS pos i t ive .  The very  
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Large nurse cells are seen to contribute RNA staining substances and pro­
teins to the ooplasm. These proteins arid RNA positive substances are 
later located in the periphery of the oocyte. Inclusion bodies, which 
stain intensely for protein, are found in the branching reticulated 
oocyte nucleus. At six days the oocyte nucleus is no longer evident, 
and the follicular and nurse cells are found greatly degenerated in the 
chorionic envelope. 
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